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Objectives. Local anaesthetic infiltration into the carotid sinus during carotid endarterectomy (CEA) has been recommen-
ded to minimise blood pressure fluctuations but its use remains controversial. The aim of this meta-analysis was to deter-
mine whether intra-operative administration of local anaesthetic reduces the incidence of haemodynamic instability
following CEA.
Materials and methods. A search of the Medline, Pubmed and Embase databases and the Current Controlled Trials reg-
ister identified four trials, which met the pre-defined inclusion criteria for data extraction. Pooled odds ratios with 95 per
cent confidence intervals (c.i.) for the development of post-operative hypotension and hypertension were calculated using
a random-effects model.
Results. Outcomes of 432 patients were studied. Local anaesthetic blockade of the carotid sinus was associated with
a pooled odds ratio of 1.25 (95 per cent c.i. 0.496 to 3.15); p¼ 0.216) and 1.28 (95 per cent c.i. 0.699 to 2.33;
p¼ 0.428) for the development of post-operative hypotension and hypertension respectively. Although none reach signif-
icance there was a trend towards increased risk of developing a complication in those patients who received local
anaesthetic.
Conclusions. There are insufficient data to determine the role of intra-operative local anaesthetic administration in reduc-
ing post-operative blood pressure lability following CEA. Conversely, the possibility of harm cannot be excluded on the
basis of the currently available data.
 2007 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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Carotid endarterectomy (CEA) is performed to im-
prove the cerebrovascular prognosis of patients with
a significant symptomatic carotid artery stenosis by
removing atheroma from the carotid bifurcation and
internal carotid artery.1,2 Post-endarterectomy haemo-
dynamic instability, including hypotension and hyper-
tension,3e5 which has been attributed to collateral
damage of the baroreceptor mechanism6 is common
and is associatedwith an increased risk of cardiovascu-
lar morbidity and mortality not only in the immediate
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Hypertension has been noted in up to 56% of
patients,3,4 which may lead to wound haematoma,
hyperperfusion syndrome, stroke and myocardial
infarction. Hypotension has been documented in up
to 50% patients,5,9 which can reduce the blood flow
through the newly endarterectomised artery and cause
thrombus formation and subsequent stroke. Also
systemic hypotension can reduce coronary perfusion
leading to myocardial infarction in patients who are
likely to have a high incidence of co-existing coronary
artery disease.10
Post CEA hypotension has been attributed to
alteration of the carotid sinus baroreceptors, special-
ised neurons located in the adventitia of the carotid
artery, which are stimulated when a small rise in
blood pressure is sensed. This initiates a reflex arclar Surgery. Published by Elsevier Ltd. All rights reserved.
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bradycardia and a subsequent lowering in blood
pressure.11
Some vascular surgeons advocate nerve esparing
dissection and/or local anaesthetic blockade of the
carotid sinus nerve at the time of CEA to minimise
fluctuations in blood pressure,12 although the pur-
ported benefits are based primarily on animal studies13
and several randomised studies have refuted this
assertion.14,15
Therefore the role of local anaesthetic infiltration into
the carotid sinus during CEA to prevent post-operative
haemodynamic instability remains unclear. The aim of
this meta-analysis was to determine if routine injection
of local anaesthetic during CEA is of benefit to the
patient in preventing post-operative haemodynamic
instability within the first 24 hours of surgery.
Materials and Methods
This meta-analysis was conducted according to
recommendations of the QUORUM statement.16
The Pubmed and Embase databases were searched
between 1966 and October 2006. Combinations of the
search terms ‘carotid sinus nerve’, ‘local anaesthetic’,
‘carotid’, ‘endarterectomy’, ‘hypotension’, ‘hyperten-
sion’ and ‘outcome’ were used to identify randomised
controlled trials of intra-operative local anaesthetic
injection of the carotid sinus nerve. The abstracts of
publications identified by the primary search were
then assessed for eligibility. Studies were included if
they met each of four criteria: randomised controlled
trial published as an original article in the English lan-
guage, subjects undergoing carotid endarterectomy,
comparison of patients receiving intra-operative local
anaesthetic with controls and an explicit definition of
post-operative hypotension and hypertension. The
electronic search was supplemented by a manual
search of the reference lists of relevant articles and
abstract books of major national vascular and general
surgical meetings for the past 10 years to ensure inclu-
sion of all possible studies and exclude duplicates.
In addition, the Current Controlled Trials register
(www.controlled-trials.com) was searched. Review
articles and retrospective analyses were excluded.
Eligible studies were assessed for quality using the
Jadad scoring system (maximum score 5).17 Differ-
ences in assessment were discussed among all authors
until agreement was achieved and data were analysed
on an intention-to-treat basis.
The primary outcome for the meta-analysis was
development of post-operative hypotension and
hypertension, clearly pre-defined in each trial. Thesecondary outcomes were incidence of any post-
operative complication, arrhythmia, myocardial infarc-
tion and cerebrovascular accident (CVA). Correlating
the type of local anaesthetic used with outcome could
not be performed because of the relative small num-
bers. The incidence of intra-operative haemodynamic
lability was not looked for between the two groups as
intra-operative factors could not be as well controlled
for and the heterogeneity of the data presented was
large.
Data from eligible papers were reviewed indepen-
dently by two authors (TT & SRW) and abstracted
into an Excel spreadsheet. Pooled odds ratios (OR)
with 95 per cent confidence intervals (C.I.) were calcu-
lated for each outcome using a random effects model
as described by DerSimonian and Laird.18 Hetero-
geneity across the studies was evaluated using the
Cochran’s Q statistic. The level of significance was set
at p< 0.05. The statistical analysis was performed
using Statsdirect 2.5.3 (Statsdirect Ltd., UK).
Results
The search strategy initially identified 7 randomised
controlled trials of local anaesthetic infiltration of
carotid sinus during CEA. After scrutinising the
abstracts and where necessary the full reports of these
trials, two trials were identified as having only
measured the haemodynamic effects of carotid sinus
anaesthesia intra-operatively.19,20 One trial only com-
pared actual blood pressure variability between the
two groups with no mention of development of
post-operative hypotensive and hypertensive
events.21 This left four randomised trials conducted
on patients who underwent carotid sinus nerve
blockade during CEA where the incidence of post-
operative hypotension and hypertension was docu-
mented.11,14,15,22 Data from these four trials were
abstracted for meta-analysis.
The four trials included a total of 432 patients
(Table 1). Forest plots were constructed comparing
development of post-operative hypotension and hy-
pertension, any post-operative complication, arrhyth-
mia, myocardial infarction and CVA for those patients
who had their carotid sinus injected with local anaes-
thetic against placebo (Figs. 1e6). Heterogeneity
between studies was not significant (data shown in
figures).
Post-operative hypotension occurred in 31.8% of
patients who received local anaesthetic intra-
operatively and in 23.0% who were given placebo
or no injection (pooled odds ratio 1.25 (95 per cent
c.i. 0.496 to 3.15); p¼ 0.634) (Fig. 1). Post-operative
Eur J Vasc Endovasc Surg Vol 34, September 2007
306 T. Y. Tang et al.Table 1. Baseline characteristics of included studies
Elliott 1986 Gottlieb 1997 Fardo 1999 Maher 2002
Number 98 135 99 100
Carotid nerve of
hering conserved
Yes Yes Unclear Yes
Treatment groups 0.25% bupivacaine vs.
no injection
0.25% bupivacaine vs.
NaCl
1% xylocaine vs. 0.5%
bupivacaine vs. NaCl
1% lidocaine vs.
no injection
Shunt used Yes Yes Yes Selective
Patch closure Selective Yes Yes Yes
Number of surgeons Unclear 4 1 1
General anaesthetic Yes Yes Unclear Yes
Primary outcome:
Definition of
post-operative
hypotension
Decrease> 20 mmHg
in SBP
Decrease of> 30% from the
average pre-operative SBP
or SBP< 100 mmHg
Decrease in SBP of> 40 mmHg
or absolute SBP< 90 mmHg
SBP< 100 mmHg
Definition of
post-operative
hypertension
Increase> 20 mmHg
in SBP
Increase of> 30% from the
average pre-operative SBP
or SBP> 180 mmHg
Increase in SBP of> 40 mmHg
or absolute SBP> 180 mmHg
SBP> 160 mmHghypertension occurred in 34.5% and 33.0% of patients
who received local anaesthetic infiltration and placebo
respectively (pooled odds ratio 1.28 (95 per cent c.i.
0.70 to 2.33); p¼ 0.428) (Fig. 2).
One trial15 did not mention the development of
any post-operative arrhythmias and hence only
three studies were meta-analysed for this outcome.
Arrhythmias occurred in 24.1% patients who received
local anaesthetic and in 15.6% who were given placebo
(pooled odds ratio 1.34 (95 per cent c.i. 0.541 to 3.31);
p¼ 0.527) (Fig. 3). Similarly only two trials14,22 men-
tion the development of any post-operative complica-
tion, myocardial infarction and CVA. Number ofevents for each is discussed in the respective figure
(Figs. 4e6). Although none reach statistical signifi-
cance there was a trend towards increased risk of
developing a complication in those patients who
received local anaesthetic to block the carotid sinus
nerve during surgery.
Discussion
This study depended on 4 randomised controlled tri-
als comparing the use of local anaesthetic to reduce
blood pressure lability post CEA. Despite CEA beingFig. 1. Forest plot for the effect of local anaesthetic infiltration on the development of post-operative hypotension following
CEA.
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Fig. 2. Forest plot for the effect of local anaesthetic infiltration on the development of post-operative hypertension following
CEA.
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sion complicating up to 50% cases3e5,9 all the trials
were relatively small; only one study randomised
more than 50 patients to each arm.15 A significantrisk of a Type II error is likely to exist with each indi-
vidual trial and no attempt has been made to calculate
a power estimation in any study. Assuming that 10%
(a conservative estimate) of the control patientsFig. 3. Forest plot for the effect of local anaesthetic infiltration on the development of post-operative arrhythmias following
CEA.
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308 T. Y. Tang et al.Fig. 4. Forest plot for the effect of local anaesthetic infiltration on the development of post-operative myocardial infarction
following CEA.
Fig. 5. Forest plot for the effect of local anaesthetic infiltration on the development of post-operative CVA following CEA.
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309Carotid Sinus Nerve Blockade does not Reduce Haemodynamic Instability Following CEAFig. 6. Forest plot for the effect of local anaesthetic infiltration on the development of any post-operative complication
following CEA.develop post-operative haemodynamic complica-
tions, 365 patients would be required in each arm of
the trial to demonstrate a 50% reduction in complica-
tion rates with 80% power at the 5% significance level
(Table 2).
The results of the present analysis suggest that at
present there is no conclusive evidence to support
the routine use of local anaesthetic to block the carotid
sinus nerve in patients undergoing CEA to reduce
post-operative blood pressure fluctuation, which
has been associated with increased incidence of
Table 2. Quality indicators of included studies
Elliott
1986
Gottlieb
1997
Fardo
1999
Maher
2002
Power calculation No No No No
Inclusion/exclusion
criteria specified
Yes/Yes Yes/Yes No/No No
Placebo-controlled No Yes Yes No
Blinding No Yes Yes No
Randomisation process
explained
Yes Unclear Yes No
Loss-to-follow up reported Yes Yes No No
Intention to treat analysis Yes Yes Yes Yes
Significant baseline
differences
No No No No
Jadad score 3 3 4 1complications (i.e. myocardial infarction or stroke).23
In fact, there was a trend towards increased risk of
developing a complication in those patients who
received local anaesthetic, although none of the men-
tioned complications reached statistical significance.
The included trials were analysed on an intention-
to-treat basis as this reduces bias and tends to answer
a question of clinical relevance. However it is impor-
tant to consider the inclusion criteria for each of the
studies when applying the results to clinical practice.
Although there was no statistical significant evidence
of heterogeneity between the trials in our analysis
the sample size (four trials) is relatively small and
moreover scrutiny of the study designs does reveal
some important differences in the trial methodology.
Definitions of the primary outcomes hypotension
and hypertension are all different in the four trials
(Table 1). The treatment arms are also different in
terms of different types and concentrations of local
anaesthetic used11,22 and the use of no placebo.14,22
In addition, no nerve sparing technique is mentioned
in one trial.11 Carotid sinus denervation could have
had a blunting effect on the haemodynamic changes
accompanying the nerve blockade and may also
reduce the incidence of hypotension episodes in the
control group.
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sure lability may not simply lie at the carotid sinus
baroreceptor reflex level. There is evidence to suggest
that carotid sinus baroreceptors functioning before
CEA suddenly deteriorate at the point when the ath-
eromatous plaque is removed from the carotid sinus
region.6 This sudden deterioration closely resembles
the situation seen in animal experiments in which
the carotid sinus nerve is deliberately cut.24 Histolog-
ical studies have shown that unmyelinated nerves
penetrate the artery wall as far as the intima and
because CEA removes part of the muscular media of
the internal carotid artery and hence damages these
nerves. This novel theory of intramural denervation
to explain the disruption of the baroreceptor mecha-
nism is supported by the fact that the baroreflex
response to intraluminal stretch stimulation is
abolished by infiltration of local anaesthetic into the
peri-adventitial tissue around the carotid sinus.25
Although recent work demonstrated universal
deterioration of the baroreceptor function following
CEA,26 not every patient develops blood pressure in-
stability. Why might this be? The experimental litera-
ture on sino-aortic denervation, a reasonably close
animal model of CEA suggests that there is redun-
dancy in the system, and that one functioning barore-
ceptor may be sufficient to maintain function.27
Furthermore, marked paroxysmal hypertension and
blood pressure lability develops after bilateral carotid
sinus denervation in humans.28,29 Also, patients un-
dergoing staged (i.e. bilateral) CEA surgery were
noted to be twice more likely to develop blood pres-
sure instability than those with unilateral endarterec-
tomy.30 Taken together, these observations point to the
presence of a ‘‘baroreceptor reserve’’, which, if dimin-
ished due to the presence of pre-existing baroreceptor
impairment (e.g. contralateral carotid artery disease)
may predispose patients to haemodynamic instability.
Recent observations seem to confirm this hypothesis
in the short term: patients with severe contralateral
carotid disease have a marked increase in blood pres-
sure immediately following endarterectomy com-
pared with those with normal contralateral vessels.26
Also more than one site is likely to be involved in
the baroreflex control of systemic blood pressure e.g.
aortic arch.31 However, it has been argued that aortic
arch baroreceptors are not as important in humans as
in animals, owing to the greater sensitivity of the ca-
rotid baroreceptors to orthostatic changes,32 although
blood pressure instability has been observed after tho-
racic aortic surgery and paroxysms of severe hyper-
tension are among the most feared complications of
thoracic aortic surgery, as they can put the suture
line under severe stress with fatal consequences.
Eur J Vasc Endovasc Surg Vol 34, September 2007Conclusions
There are insufficient data to determine the role of
intra-operative local anaesthetic administration in
reducing post-operative blood pressure lability fol-
lowing CEA with reasonable certainty. Conversely,
the possibility of harm cannot be excluded on the
basis of the currently available data. Large-scale,
double-blind, placebo-controlled trials are required.
Acknowledgements
SRW receives funding from the Moulton Charitable
Foundation.
References
1 MRC European Carotid Surgery Trial: interim results for symp-
tomatic patients with severe (70-99%) or with mild (0-29%)
carotid stenosis. European Carotid Surgery Trialists’ Collabora-
tive Group. Lancet 1991;337(8752):1235e1243.
2 Beneficial effect of carotid endarterectomy in symptomatic
patients with high-grade carotid stenosis. North American
Symptomatic Carotid Endarterectomy Trial Collaborators.
N Engl J Med 1991;325(7):445e453.
3 BOVE EL, FRY WJ, GROSS WS, STANLEY JC. Hypotension and hyper-
tension as consequences of baroreceptor dysfunction following
carotid endarterectomy. Surgery 1979;85(6):633e637.
4 LEHV MS, SALZMAN EW, SILEN W. Hypertension complicating
carotid endarterectomy. Stroke 1970;1(5):307e313.
5 TOWNE JB, BERNHARD VM. The relationship of postoperative
hypertension to complications following carotid endarterectomy.
Surgery 1980;88(4):575e580.
6 SIGAUDO-ROUSSEL D, EVANS DH, NAYLOR AR, PANERAI RB,
LONDON NL, BELL P et al. Deterioration in carotid baroreflex
during carotid endarterectomy. J Vasc Surg 2002;36(4):793e798.
7 DEHN TC, ANGELL-JAMES JE. Long-term effect of carotid endarter-
ectomy on carotid sinus baroreceptor function and blood pres-
sure control. Br J Surg 1987;74(11):997e1000.
8 HIRSCHL M, KUNDI M, BLAZEK G. Five-year follow-up of patients
after thromboendarterectomy of the internal carotid artery: rele-
vance of baroreceptor sensitivity. Stroke 1996;27(7):1167e1172.
9 TARLOV E, SCHMIDEK H, SCOTT RM, WEPSIC JG, OJEMANN RG. Reflex
hypotension following carotid endarterectomy: mechanism and
management. J Neurosurg 1973;39(3):323e327.
10 HERTZER NR, LEES CD. Fatal myocardial infarction following
carotid endarterectomy: three hundred thirty-five patients fol-
lowed 6-11 years after operation. Ann Surg 1981;194(2):212e218.
11 FARDO DJ, HANKINS WT, HOUSKAMP W, ROBSON L. The hemody-
namic effects of local anesthetic injection into the carotid body
during carotid endarterectomy. Am Surg 1999;65(7):648e651
[discussion 651e652].
12 CAFFERATA HT, MERCHANT Jr RF, DEPALMA RG. Avoidance of post-
carotid endarterectomy hypertension. Ann Surg 1982;196(4):
465e472.
13 TUCKMAN J, SLATER Sr SR, MENDLOWITZ M. The carotid sinus
reflexes. Am Heart J 1965;70:119e135.
14 ELLIOTT BM, COLLINS Jr GJ, YOUKEY JR, DONOHUE Jr HJ,
SALANDER JM, RICH NM. Intraoperative local anesthetic injection
of the carotid sinus nerve. A prospective, randomized study.
Am J Surg 1986;152(6):695e699.
15 GOTTLIEB A, SATARIANO-HAYDEN P, SCHOENWALD P, RYCKMAN J,
PIEDMONTE M. The effects of carotid sinus nerve blockade on
hemodynamic stability after carotid endarterectomy. J Cardiothorac
Vasc Anesth 1997;11(1):67e71.
311Carotid Sinus Nerve Blockade does not Reduce Haemodynamic Instability Following CEA16 MOHER D, SCHULZ KF, ALTMAN D. The CONSORT statement:
revised recommendations for improving the quality of reports
of parallel-group randomized trials. JAMA 2001;285(15):
1987e1991.
17 JADAD AR, MOORE RA, CARROLL D, JENKINSON C, REYNOLDS DJ,
GAVAGHAN DJ et al. Assessing the quality of reports of random-
ized clinical trials: is blinding necessary? Control Clin Trials
1996;17(1):1e12.
18 DERSIMONIAN R, LAIRD N. Meta-analysis in clinical trials. Control
Clin Trials 1986;7:177e188.
19 BARMAN AA, MOIDEEN AS, CHAUDHRY SS, ARDELL J, BARMAN SA,
CANTU R. Nerve-sparing dissection as alternative to anesthesia
of carotid sinus nerve in preparation for carotid endarterectomy.
Tex Heart Inst J 1989;16(2):107e109.
20 WELCH M, TAIT WF, DURRANS D, CARR HM, JACKSON PW,
WALKER MG. Role of topical lignocaine during carotid endarter-
ectomy. Br J Surg 1992;79(10):1035e1037.
21 FEARN SJ, MORTIMER AJ, FARAGHER EB, MCCOLLUM CN. Carotid
sinus nerve blockaded during carotid surgery: a randomised
controlled trial. Eur J Vasc Endovasc Surg 2002;24:480e484.
22 MAHER CO, WETJEN NM, FRIEDMAN JA, MEYER FB. Intraoperative
lidocaine injection into the carotid sinus during endarterectomy.
J Neurosurg 2002;97(1):80e83.
23 ENGLUND R, DEAN RH. Blood pressure aberrations associated
with carotid endarterectomy. Ann Vasc Surg 1986;1(3):304e309.
24 SEAGARD JL, HOPP FA, DRUMMOND HA, VAN WYNSBERGHE DM.
Selective contribution of two types of carotid sinus barorecep-
tors to the control of blood pressure. Circ Res 1993;72(5):
1011e1022.25 AL-RAWI PG, SIGAUDO-ROUSSEL D, GAUNT ME. Effect of lignocaine
injection in carotid sinus on baroreceptor sensitivity during
carotid endarterectomy. J Vasc Surg 2004;39(6):1288e1294.
26 NOURAEI SA, AL-RAWI PG, SIGAUDO-ROUSSEL D, GIUSSANI DA,
GAUNT ME. Carotid endarterectomy impairs blood pressure
homeostasis by reducing the physiologic baroreflex reserve.
J Vasc Surg 2005;41(4):631e637.
27 THRASHER T. Unloading arterial baroreceptors causes neurogenic
hypertension. Am J Physiol Regulatory Integrative Comp Physiol
2002;282:R1044eR1053.
28 SMIT AAJ, TIMMERS JLM, WIELING W, WAGENAAR M, MARRES HAM,
LENDERS JWM et al. Long-term effects of carotid sinus denerva-
tion on arterial blood pressure in humans. Circulation 2002;105:
1329e1335.
29 AKSAMIT TR, FLORAS JS, VICTOR RG, AYLWARD PE. Paroxysmal
hypertension due to sinoaortic baroreceptor denervation in
humans. Hypertension 1987;9:309e314.
30 MORROW CE, ESPADA R, HOWELL JF. Operative and long-term re-
sults of staged contralateral carotid endarterectomy: a personal
series. Surgery 1988;103:242e246.
31 ECKBERG DL, SLEIGHT P. Baroreflex anatomy. In: Human baroreflexes
in health and disease. Oxford, Clarendon Press, 1992:19e30.
32 FADEL PJ, STROMSTADM,WRAYDW, SMITH SA, RAVEN PB, SECHERNH.
New insights into differential baroreflex control of heart rate in
humans. Am J Physiol Heart Circ Physiol 2003;284:H735eH743.
Accepted 28 February 2007
Available online 16 May 2007Eur J Vasc Endovasc Surg Vol 34, September 2007
